The Opc protein of Neisseria meningitidis (Nm, meningococcus) is a surface-expressed integral outer membrane protein, which can act as an adhesin and an effective invasin for human epithelial and endothelial cells. We have identified endothelial surface-located integrins as major receptors for Opc, a process which requires Opc to first bind to integrin ligands such as vitronectin and via these to the cell-expressed receptors . We initially observed this interaction when host cell proteins separated by electrophoresis and blotted on to nitrocellulose were overlaid with Opc-expressing Nm. The interaction was direct and did not involve intermediate molecules. By mass spectrometry, we established the identity of the protein as α-actinin. As no surface expressed α-actinin was found on any of the eight cell lines examined, and as Opc interactions with endothelial cells in the presence of serum lead to bacterial entry into the target cells, we examined the possibility of the two proteins interacting intracellularly. For this, cultured human brain microvascular endothelial cells (HBMECs) were infected with Opc-expressing Nm for extended periods and the locations of internalised bacteria and α-actinin were examined by confocal microscopy. We observed time-dependent increase in colocalisation of Nm with the cytoskeletal protein, which was considerable after an eight hour period of bacterial internalisation. In addition, the use of quantitative imaging software enabled us to obtain a relative measure of the colocalisation of Nm with α-actinin and other cytoskeletal proteins. Here we present a protocol for visualisation and quantification of the colocalisation of the bacterium with intracellular proteins after bacterial entry into human endothelial cells, although the procedure is also applicable to human epithelial cells.
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. This process leads to bacterial invasion of endothelial cells 2 . More recently, we observed an interaction of Opc with a 100kDa protein found in whole cell lysates of human cells 3 . We initially observed this interaction when host cell proteins separated by electrophoresis and blotted on to nitrocellulose were overlaid with Opc-expressing Nm. The interaction was direct and did not involve intermediate molecules. By mass spectrometry, we established the identity of the protein as α-actinin. As no surface expressed α-actinin was found on any of the eight cell lines examined, and as Opc interactions with endothelial cells in the presence of serum lead to bacterial entry into the target cells, we examined the possibility of the two proteins interacting intracellularly. For this, cultured human brain microvascular endothelial cells (HBMECs) were infected with Opc-expressing Nm for extended periods and the locations of internalised bacteria and α-actinin were examined by confocal microscopy. We observed time-dependent increase in colocalisation of Nm with the cytoskeletal protein, which was considerable after an eight hour period of bacterial internalisation. In addition, the use of quantitative imaging software enabled us to obtain a relative measure of the colocalisation of Nm with α-actinin and other cytoskeletal proteins. Here we present a protocol for visualisation and quantification of the colocalisation of the bacterium with intracellular proteins after bacterial entry into human endothelial cells, although the procedure is also applicable to human epithelial cells.
Video Link
The video component of this article can be found at http://www.jove.com/video/2045/
Protocol

Immunofluorescence Protocol Seeding, Infection & immuno-staining
The following procedures require suitable safety level tissue culture and microbiological laboratory facilities. 4. After washing off paraformaldehyde, permeabilise the paraformaldehyde-fixed cells by incubating in 0.1%Triton X-100 diluted in PBS for 10 min. 5. Wash the samples 3 times with PBS. 6. Proceed to immuno-staining or, alternatively, leave samples in 500 μL of 1%BSA/PBST O/N at 4°C.
DAY 1
A.Preparation of target cells for infection
DAY 3
Immuno-staining
Staining of intracellular bacteria and α-actinin can be performed sequentially or simultaneously by the use of appropriate primary and secondary antibodies as follows; all procedures can be carried out in 12-well plates.
1. Block the coverslips containing the permeabilised cells with 500 μL of 3% BSA/PBST (PBS containing 0.05% Triton X-100) for 30-60 min at RT 2. After washing with PBS, transfer each coverslip to a new dry well in the 12-well plate. 3. Add the primary antibodies against bacteria and α-actinin; eighty to 100 μL of antibody per coverslip is sufficient if added carefully to cover the surface of the coverslip. Incubate for 1h at room temperature. 1. We used rabbit polyclonal antiserum against Neisseria meningitidis (laboratory-raised) and mouse monoclonal antibody (mAb) against α-actinin (Abcam) simultaneously. In some experiments, in place of anti α-actinin, mAbs against actin or vimentin were used (Sigma). 
Confocal Laser Scanning Microscopy (CLSM)
To observe and capture images of intracellular bacteria and cytoskeletal elements, we used immunolabelled samples and captured images using a Leica SP5-AOBS confocal laser scanning microscope attached to a Leica DM I6000 inverted epifluorescence microscope. All images were collected using a 63x NA 1.4 oil immersion objective and process with Leica software.
CLSM procedure:
1. To begin the CLSM procedure, add a drop of immersion oil to the objective and place the specimen slide, coverslip-side down, on the microscope stage. 2. Set the microscope to a visual mode and find the area of interest using the eye pieces of the microscope. 3. Using Leica Software, select the xyz acquisition mode. 4. Select the 512 x 512 format (frame size). For colocalisation studies, the higher resolution, the more accurate the image; keeping in mind the resolution limit of the microscope. Then select the bidirectional X mode, which will increase the scanning speed and help reduce photobleaching. 5. Set up sequential scanning settings. Click in the "seq" function and choose one of the scanning modes. We use "between lines" mode. 6. Select laser beams according to the fluorochromes conjugated to the secondary antibodies: 405 nm for DAPI (blue), 488 nm for Alexa Fluor 488 (green) and 561 nm for TRITC (red). Activate Photomultiplier Tube (PMT) 1, 2, and 3, respectively. Adjust PMT settings to detect the correct emission wavelength. 7. Set up top ("begin") and bottom ("end") of z-stacks or series. Next, set the required "z-step size".
1. Neisseria meningitidis is a diplococcus ( Figure 1G ) and since each coccus has an approximate diameter of 0.5 μm, the z-step size of 0.20 μm was chosen to enhance the probability of scanning each coccus at least twice. It is also within the step size for optimum resolution of 0.1 -0.2 μm.
8. Set the final scan parameters by selecting line averaging of 3 to improve the signal to noise ratio. 9. By clicking "start" double-or triple-stained images are obtained by sequential scanning at different wavelengths to eliminate cross-talk between different chromophores. 10. For an indication of colocalisation of two fluorochromes, select the "overlay" function to merge selected channels into a single image; for example, when both Alexa 488 (green) and TRITC (red) fluorochromes colocalise, yellow color will appear in the overlaid image. 11. Compile z-stacks or series using the "maximum projection" function for the construction of a 2D image required for visualising possible colocalisation. More detailed analysis of colocalisation can be obtained by analysis of each optical section. 12. After acquiring the z-stacks or series, process your data to obtain an orthogonal image for visualisation of intracellular localisation of various elements ( Figure 1E ).
Quantification of Colocalisation
Statistical analyses of the confocal scanning microscope images are performed with Volocity software (Improvision, PerkinElmer). This software provides a tool designed specifically for colocalisation analysis as described by Manders et al.(1993) 
5
. Colocalisation in the context of digital fluorescence imaging can be described as the detection of a signal at the same voxel (pixel volume) location in each channel. The two channels are made up of images of two different fluorochromes taken from the same sample area (Volocity user guide). Statistical analyses are performed with Volocity software (Improvision, PerkinElmer) using Quantitative Colocalisation Analysis described below. Again, this colocalisation is not due to accidental proximity of α-actinin, as the general stain of α-actinin in this region is low. E and F. Three-dimensional images of infected HBMEC monolayers processed as above. An oblique view of the apical surface (E) shows adherent bacteria stained red (red arrow) whereas several bacteria located towards the basal surfaces of endothelial cells (yellow arrow) are distinctly orange/yellow in color. Basal location can be more clearly seen in (F) which is an end-on X-Z cross-section.
Quantitative Colocalisation Analysis
Discussion
The possibility of binding of internalised Opc-expressing Neisseria meningitidis to α-actinin was explored using HBMEC by the examination of the colocalisation of bacteria and the cytoskeletal protein in infected cells after 3 and 8 h incubation period. By confocal microscopy, colocalisation of Neisseria meningitidis with α-actinin could be demonstrated. Notably, although bacteria were internalised at 3 h, there was little colocalisation with α-actinin at this time point. Bacterial association with the cytoskeletal protein appeared to require a longer period of intracellular residence as after 8 h infection period, significant numbers of bacteria had α-actinin apparently in close association. Alpha-actinin is a multifunctional protein, and bacterial interactions with the cytoskeletal element could have significant influence on the target cell function which is a subject of current studies. Quantification of colocalisation as described above requires meticulous specimen preparation. Particular attention should be given to specimen fixation, blocking period and antibody dilutions. For the best signal to noise ratio, each primary and secondary antibody should be titrated in preliminary experiments to determine the optimum concentrations. In our experience, the mounting medium Mowiol produced better images.
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